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,QWURGXFWLRQ
%XLOGLQJV DV RQH RI WKH EXLOW HQYLURQPHQW FRPSRQHQW DUH UHVSRQVLEOH IRU WKH EURDG UDQJH LPSDFWV WR KXPDQ
KHDOWKDQGHQYLURQPHQW,WZDVDOVRSURYHQWKDWWKHLPSDFWRIWKHEXLOGLQJWRWKHHQYLURQPHQWLVDURXQGSHUFHQW
KLJK*%,%\WKDWLWLVDOVRH[SHFWHGWKDWDQ\LPSURYHPHQWRQWKHEXLOGLQJSHUIRUPDQFHFRXOGUHGXFHWKH
QHJDWLYH LPSDFWV VXFK DV XQKHDOWK\ RFFXSDQWV WKDW OHDGV WR ORZ ZRUN SURGXFWLYLW\ 7KLV LQGLFDWHV WKDW EXLOGLQJ
VKRXOGEHKHDOWK\HQYLURQPHQWDOO\IULHQGO\IXQFWLRQDOORZHQHUJ\DHVWKHWLFVFRVWDIIRUGDEOHDQGGHVLJQHGIRUDOO
XVHUV$FFRUGLQJWR5RXOHWEXLOGLQJGHVLJQVKRXOGHQVXUHDJRRGHQYLURQPHQWWRLWVRFFXSDQWVZKHUHDJRRG
LQGRRUHQYLURQPHQW LVRQHRI WKHPDLQREMHFWLYHVRI VXVWDLQDEOHDUFKLWHFWXUH7KHHVVHQWLDO IDFWRU LQVXVWDLQDELOLW\
IRFXVHVRQWKHRFFXSDQWV¶VDWLVIDFWLRQDVLWLVDOVRFRQVLGHUHGDVWKHPRVWUHDGLO\DVVHVVHGLQGLFDWRUIRUVXVWDLQDEOH
IDFWRUVLQEXLOWHQYLURQPHQW7KLVLVDOVRHPSKDVL]HGLQWKH5LR'HFODUDWLRQZKHUHKXPDQEHLQJVDUHDWWKHFHQWHURI
FRQFHUQVRIVXVWDLQDEOHGHYHORSPHQWDQGWKHSHRSOHVKRXOGEHSURWHFWHG
86 (QYLURQPHQWDO 3URWHFWLRQ $JHQF\  KDG VWDWHG WKDW LQ DYHUDJH  SHUFHQW SHRSOH VSHQW WKHLU WLPHV
LQGRRUDQGLQGRRUDLUWKDWWKH\EUHDWKHLVWZRWRILYHWLPHVKLJKHULQSROOXWDQWFRPSDUHWRWKHRXWGRRUDLU,WFRXOGEH
FRQFOXGHG WKDW WKHEXLOGLQJRFFXSDQWV¶ KHDOWK LV DW WKHKLJK ULVNRI LPSDLUPHQW GXH WR WKH H[SRVXUHRI LQGRRU DLU
SROOXWLRQ$ORQJZLWKWKDWRFFXSDQF\KHDOWKLQLQGRRUHQYLURQPHQWLQFOXGLQJRIILFHLVFXUUHQWO\EHLQJWDNHQLQWR
FRQVLGHUDWLRQV7KHRFFXSDQWV¶KHDOWKDVZHOODVWKHLUZHOOEHLQJDUHWKHPDLQJRDORI,QGRRU(QYLURQPHQWDO4XDOLW\
,(4,(4FRQVLVWVRIIRXUPDLQSDUDPHWHUVWKHUPDOFRPIRUWLOOXPLQDWLRQOHYHOQRLVHOHYHODQG,QGRRU$LU4XDOLW\
,$4 %HVLGHV ,$4 LV RQH RI WKH LPSRUWDQW SDUDPHWHUV WR EH DVVHVVHG LQ JUHHQ EXLOGLQJ DVVHVVPHQWZRUOGZLGH
LQFOXGLQJ WKH*UHHQ%XLOGLQJ ,QGH[ *%,0DOD\VLD 7KXV WKLV VWXG\ IRFXVHV RQO\ RQ WKH ,$4RI DPHFKDQLFDO
YHQWLODWHGRIILFHEXLOGLQJ
2IILFHZDVFKRVHQDVWKHUHVHDUFKREMHFWEHFDXVHWKHUHZHUHPDQ\VWXGLHVWKDWKDYHKLJKOLJKWHGWKHDVVRFLDWLRQV
EHWZHHQLQGRRUVWUHVVRUVDQGFRPIRUWDVZHOODVKHDOWKDQGSURGXFWLYLW\LQDQRIILFHHQYLURQPHQW%OX\VVHQHWDO
)XUWKHUPRUHRIILFHLVFRQVLGHUHGDVWKHPRVWYLVLEOHLQGH[RIHFRQRPLFDFWLYLW\RIVRFLDOWHFKQRORJLFDODQG
ILQDQFLDO SURJUHVV 7KHUHIRUH WKH HPSOR\HHV DUH UHTXLUHG WR EH KHDOWK\ DQG SURGXFWLYH WR IXOILOO WKH HFRQRPLF
GHPDQG2FFXSDQWV¶VDWLVIDFWLRQLQDEXLOGLQJLVKLJKO\FRQFHUQHGDFFRUGLQJWRWKHPDLQJRDORI,(47KLVFRQGLWLRQ
LVUHODWHGZLWKWKHFXUUHQWFRQGLWLRQRIWKH0DOD\VLDQRIILFHZRUNHUVZKRVSHQGPRVWRIWKHLUWLPHZRUNLQJLQDLU
FRQGLWLRQHGRIILFHVSDFHDQGWKH\DUHKLJKO\SURQHWRKD]DUGRXVLQGRRUDLUFRQWDPLQDQWVGXULQJWKHLUZRUNLQJKRXUV
&XUUHQWO\ WKHUH LVDFRQFHUQ UHJDUGLQJ WKHSRWHQWLDOSROOXWDQW VRXUFHV LQDQRIILFHHQYLURQPHQWZKHWKHU IURP WKH
RFFXSDQWV¶DFWLYLWLHVRUIURPWKHRIILFHHTXLSPHQW$FFRUGLQJWR:RONRIIHWDO RIILFHHTXLSPHQWKDVEHHQ
IRXQGDVDVRXUFHRIR]RQH2SDUWLFXODWHPDWWHU309RODWLOH2UJDQLF&RPSRXQGV92&VDQG6HPL9RODWLOH
2UJDQLF&RPSRXQGV692&V
%DVHG RQ WKH SUREOHP VWDWHG SUHYLRXVO\ WKHUH LV D QHHG WR GHWHUPLQH WKH ,$4 OHYHO LQVLGH WKH RIILFH VSDFH
SDUWLFXODUO\KHULWDJHRIILFHEXLOGLQJ7KHILQGLQJVRIWKLVUHVHDUFKZLOOSURYLGHYDOXDEOHGDWDIRUWKHLPSURYHPHQWRI
WKHKHULWDJHFRQVHUYDWLRQVWXGLHVLQ*HRUJH7RZQ3HQDQJDQGIRUWKHRFFXSDQWV¶FRPIRUWLQVLGHDQRIILFH
/LWHUDWXUHUHYLHZ
2.1. Indoor air quality in office environment 
,QGRRU$LU4XDOLW\,$4LVRQHRIWKHPDMRUSDUDPHWHULQGHWHUPLQLQJWKHTXDOLW\RIDQLQGRRUHQYLURQPHQWEH
LW LV FRPPHUFLDO RU UHVLGHQWLDO VSDFH%DVHGRQ WKH UHIHUHQFH$6+5$(6WDQGDUGGHILQHV WKH DFFHSWDEOH
LQGRRU DLU TXDOLW\ LV DLU LQ ZKLFK WKHUH LV QR NQRZQ FRQWDPLQDQWV DW KDUPIXO FRQFHQWUDWLRQV DV GHWHUPLQHG E\
FRJQLVDQWDXWKRULWLHV DQGZLWKZKLFKD VXEVWDQWLDOPDMRULW\ RUPRUHRI WKHSHRSOHH[SRVHGGRQRWH[SUHVV
GLVVDWLVIDFWLRQ´ <HDQJ  ,$4 KDV PDQ\ LPSDFWV RQ WKH KXPDQ FRPIRUW KHDOWK DQG SURGXFWLYLW\ %\
LPSURYLQJWKH,$4RIDEXLOGLQJRFFXSDQWV¶SURGXFWLYLW\ZLOOEHLQFUHDVHG,QPRVWJUHHQEXLOGLQJDVVHVVPHQWWRROV
,$4LVFRPPRQO\DVVHVVHGWRJHWKHUZLWKWKH,(4,WLVZLGHO\SURYHQWKDW,(4LQFOXGLQJ,$4JLYHVDVLJQLILFDQW
LPSDFWWRWKHRFFXSDQWVRIDEXLOGLQJ
7KHUH DUH ILYH PDLQ IDFWRUV DIIHFWLQJ ,$4 WHPSHUDWXUH KXPLGLW\ DLU YHORFLW\ SROOXWDQW VRXUFHV DQG
XQPDLQWDLQHGYHQWLODWLRQV\VWHP3LODWRZLF]

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 7HPSHUDWXUH
7HPSHUDWXUHVWDQGDUGL]DWLRQKHOSVWRHQVXUHWKDWZRUNHUV
KHDOWKDQGFRPIRUWLVDVVXUHGVRWKDWWKH\FDQZRUN
RSWLPDOO\ZKLFK LQ WXUQ FDQ LQFUHDVH FRPSDQ\SURGXFWLYLW\7KH VWDQGDUGRI LQGRRUZRUNLQJ FOLPDWH LQ0DOD\VLD
EDVHGRQ0DOD\VLD*XLGHOLQHRQ2FFXSDWLRQDO6DIHW\DQG+HDOWK  LVEHWZHHQR WRR&HOVLXV+RZHYHU
DFFRUGLQJWRWKHVWDQGDUGHVWDEOLVKHGE\0DOD\VLDQ6WDQGDUG06DQG0DOD\VLD*UHHQ%XLOGLQJ,QGH[
WKH LQGRRU WHPSHUDWXUHVKRXOGIDOOVEHWZHHQR&HOVLXV7KHUPDOGLVFRPIRUWFDQDIIHFWZRUNHUV¶SURGXFWLYLW\
7KLVPHDQVWKHKLJKHUDFWLYLW\RIDSHUVRQWKHJUHDWHUWKHKHDWSURGXFHGE\WKHERG\

 +XPLGLW\
,QDQHQFORVHGVSDFHKXPLGLW\LVFRQVLGHUHGDVDPDMRUSUREOHP,WPD\GDPDJHWKHHTXLSPHQWIXUQLWXUHDQG
EXLOGLQJPDWHULDOV&RXQWU\ZLWKWURSLFDOFOLPDWHOLNH0DOD\VLDKDVDUHODWLYHO\KLJKKXPLGLW\ZKLFKLVHTXDOWR
+RZHYHUDFFRUGLQJWR0DOD\VLD*UHHQ%XLOGLQJ,QGH[DQGWKH&RGHRI3UDFWLFHRQ,QGRRU$LU4XDOLW\&23
,$4 WKH WKUHVKROG IRU WKH UHODWLYH KXPLGLW\ LQ DZRUNLQJ VSDFH LV EHWZHHQDQG ,I WKHKXPLGLW\ IDOOV
DERYHGHKXPLGLILHU LV QHHGHG WR UHGXFHKXPLGLW\ LQ WKH URRP([FHVVLYHPRLVWXUH LQ DLUZLOO FDXVH VHQVHRI
VWLFNLQHVVLQWKHVNLQDQGDFFHOHUDWHWKHHPHUJHQFHRIWKHIXQJXVRQWKHEXLOGLQJZDOOV

 $LUYHORFLW\
*RRG DLU FLUFXODWLRQZLOO LQFUHDVH WKH DPRXQW RI ZDWHU HYDSRUDWLRQ SUHYHQWLQJ IURP H[FHVVLYHPRLVWXUH DQG
FRUURVLRQ2WKHUDGYDQWDJHE\PDLQWDLQLQJJRRGDLUFLUFXODWLRQLVVXSSUHVVLQJWKHJURZWKRIEDFWHULD$VVWXGLHGLQ
JXLGHOLQHVIRURFFXSDWLRQDOVDIHW\DQGKHDOWKLQRIILFHE\0DOD\VLD¶V'HSDUWPHQWRI2FFXSDWLRQDO6DIHW\DQG+HDOWK
WKHPLQLPXPUHTXLUHPHQWIRUIUHVKDLULQJHQHUDORIILFHVSDFHSHUVHFRQGSHUSHUVRQLVOLWUHVIRUHYHU\VTXDUH
PHWHUVRIIORRUVSDFHDQGWKHLQGRRUDLUPRYHPHQWVKRXOGQRWOHVVWKDQPHWHUVSHUVHFRQG

 3ROOXWDQWVRXUFH
,QJHQHUDOLQGRRUDLUSROOXWDQWVZHUHFODVVLILHGLQWRWKUHHPDMRUVRXUFHVFKHPLFDOSK\VLFDODQGELRORJLFDO
D &KHPLFDOSROOXWDQWV
,W FRXOG EH GHILQHG DV D SROOXWDQW ZKLFK EXLOG XS IURP FKHPLFDO UHDFWLRQV DQGRU JHQHUDWHG IURP KXPDQ
PHWDEROLVP DQG FRPEXVWLRQ SURGXFW OLNH QLWURJHQ R[LGH 12[ FDUERQ PRQR[LGH &2 FDUERQ GLR[LGH &2
VXOSKXU PRQR[LGH 62 VXOSKXU GLR[LGH 62 DOVR FRQWULEXWH KHDOWK SUREOHPV WR KXPDQV 92& DUH RUJDQLF
FKHPLFDOV WKDW HDVLO\HYDSRUDWH LQWRYDSRXURUJDVDW URRP WHPSHUDWXUHRFFDVLRQDOO\RGRXUOHVV IXPHVRUYDSRXUV
DQGLQYLVLEOH,WLVJHQHUDOO\DVVRFLDWHGZLWKDOPRVWDQ\IDEULFDWHGRUQDWXUDOSURGXFW7KH\DUHFRPPRQO\IRXQGLQ
SDLQWV VROYHQWV DLU IUHVKHQHUV KREE\ VXSSOLHV DXWRPRWLYH SURGXFWV GU\FOHDQHG FORWKLQJ PRWK UHSHOOHQWV
SHVWLFLGHVFOHDQHUVGLVLQIHFWDQWVDHURVRO VSUD\VDGKHVLYHVPDQXIDFWXUHGZRRGSDQHO SUHVVHGERDUGDQG IDEULF
DGGLWLYHV XVHG LQ FDUSHWLQJ DQG IXUQLWXUH 2QH W\SH RI 92& WKDW LV ZLGHO\ DSSOLHG LQ LQWHULRU LV IRUPDOGHK\GH
+&+2RU&+27KHHIIHFWVRIWKLVSXQJHQWJDVFDQODVWIRUVHYHUDOKRXUVWRVHYHUDO\HDUV,WLVOLNHO\WREHPRUH
GDQJHURXVZKHQQHZO\DSSOLHG$VWKHWHPSHUDWXUHURVHIRUPDOGHK\GHOHYHOZLOOLQFUHDVH
E 3K\VLFDOSROOXWDQWV
7KHVHW\SHVRISROOXWDQWVDUHFRPPRQO\DVVRFLDWHGZLWKSDUWLFOHV(3$VWDWHGWKDWSDUWLFOHVDUHVROLGRU
OLTXLG VXEVWDQFHV WKDW DUH OLJKW HQRXJK WR VXVSHQG LQ WKH DLU WKH ODUJHVW RI ZKLFK PD\ EH YLVLEOH LQ VXQEHDPV
VWUHDPLQJLQWRDURRP3DUWLFOHVRIGXVWGLUWRURWKHUVXEVWDQFHVPD\EHGUDZQLQWRWKHEXLOGLQJIURPRXWVLGHDQG
FDQ DOVR EH SURGXFHG E\ DFWLYLWLHV WKDW RFFXU LQ EXLOGLQJ 3DUWLFOHVZKLFK HDVLO\ LQKDOHG DUH JHQHUDOO\ OHVV WKDQ
ȝP307KHVPDOOHU WKHVL]HRI WKHSDUWLFOHV WKHELJJHUSRVVLELOLWLHVEHLQJ LQKDOHGDQGSHQHWUDWHG LQWR WKH
UHVSLUDWRU\V\VWHP
F %LRORJLFDOSROOXWDQWV
,WGHULYHVIURPDQ\ELRORJLFDORUPLFURELDOFRQWDPLQDWLRQZKLFKJHQHUDWHGIURPSHRSOHSODQWVIRRGVDQGRWKHU
RUJDQLF VXEVWDQFHV 7KH PDLQ SROOXWDQWV DUH PLFUREHV VXFK DV EDFWHULD QRWDEO\ 6DOPRQHOOD DQG Legionella 
pneumophila IXQJLYLUXVHV OLFHSODQWSROOHQ LQFOXGLQJDQLPDOGDQGHU$FFRUGLQJ WR:+2SHUFHQWRI³VLFN
EXLOGLQJ´RULJLQDWHGIURPPLFURELDOFRQWDPLQDWLRQ3LODWRZLF])XQJLDUHRQHRIWKHFRPPRQPLFURRUJDQLVPV
IRXQGLQDGDPSEXLOGLQJIDEULFVXFKDVRQWKHZDOORUEHKLQGWKHZDOOFRYHUDVZHOODVRQWKHFHLOLQJ%LRORJLFDO
DJHQWVGRFRQWULEXWHWRKXPDQKHDOWKFRQVHTXHQFHVWKDWPD\EHGHVFULEHGDVEXLOGLQJUHODWHGGLVHDVH7KHVHLQFOXGH
LQIHFWLRXV GLVHDVH DVVRFLDWHG ZLWK EXLOGLQJ VHUYLFHV HJ /HJLRQHOORVLV GLVHDVHV VSUHDG IURP ZRUNHU WR ZRUNHU
LQFOXGLQJFROGVDQGLQIOXHQ]DWR[LFUHDFWLRQWRFKHPLFDOVLQEXLOGLQJVDQGIXQJLEDFWHULDRUWKHLUWR[LQVSUHVHQWLQ
EXLOGLQJV&URRNDQG%XUWRQ
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3RRU DLU TXDOLW\ LQVLGH D EXLOGLQJ FRXOG FRQWULEXWH RFFXSDQWV¶ GLVFRPIRUWV VXFK DV IDWLJXH H[FHVV VZHDWLQJ
GHK\GUDWLRQ DQG RWKHUV /RZHUHG FRQFHQWUDWLRQ GXH WR WKLV FRQGLWLRQ FDQ OHDG WR LQGXVWULDO DFFLGHQWV GHFUHDVLQJ
SURGXFWLYLW\DQGGHFOLQLQJZRUNHIILFLHQF\$FFRUGLQJWR0XKLþDQG%XWDODPHFKDQLFDOYHQWLODWLRQDVZHOO
DVWKHYHQWLODWLRQUDWHRIDEXLOGLQJLVFORVHO\UHODWHGZLWKWKHSUHYDOHQFHRI6LFN%XLOGLQJ6\QGURPH6%67KH\
DOVRVWDWHGWKDWWKHRFFXSDQWVRIWKHVWXGLHGEXLOGLQJVWKHDLUFRQGLWLRQHGEXLOGLQJVDUHVLJQLILFDQWO\VXIIHUHGIURP
EXLOGLQJUHODWHGLOOQHVV7KHDEVHQWHHLVPUDWH LVDOVRKLJKHUIRU WKRVHLQ WKHDLUFRQGLWLRQHGEXLOGLQJV7KLV LVDOVR
SURYHQE\DVWXG\E\:DUJRFNLHWDOZKHUHRFFXSDQWVRIDLUFRQGLWLRQHGEXLOGLQJVPD\KDYHLQFUHDVHGWKH
ULVNRI6%6FRPSDUHGZLWKRFFXSDQWVLQQDWXUDOO\YHQWLODWHGRURWKHUPHFKDQLFDOYHQWLODWLRQV\VWHPZLWKRXWFRROLQJ
0RUHRYHUWKH\DOVRFRQFOXGHGWKDWLPSURSHUEXLOGLQJGHVLJQRSHUDWLRQDVZHOODVWKHPDLQWHQDQFHV\VWHPFRXOGEH
WKHFRQWULEXWRURIWKHLQFUHDVHGSUHYDOHQFH6%6V\QGURPH
2.2. Adaptively reusing heritage buildings 
+HULWDJHEXLOGLQJVDUHOHJDF\IURPWKHSDVWWKDWQHHGVWREHFRQVHUYHGLQRUGHUWRSUHYHQWIURPEHLQJORVWIRUHYHU
LWLVDOVRUHSUHVHQWVWKHFXOWXUDOKLVWRU\WKDWVKRXOGEHSUHVHUYHGIRUWKHQH[WJHQHUDWLRQ81(6&2$VVWDWHG
LQ0DOD\VLD1DWLRQDO+HULWDJH$FW EXLOGLQJV WKDW DUH FDWHJRUL]HG DVKHULWDJHEXLOGLQJV DUHEHOLHYHG WREH
PRUHWKDQ\HDUVROG7KRVHEXLOGLQJVKRXOGEHSUHVHUYHGSURWHFWHGDQGHQKDQFHGIURPEHLQJORVWIRUHYHU
2QHFRQVHUYDWLRQPHWKRGWKDWSURPRWHVVXVWDLQDELOLW\LVE\DGDSWLYHUHXVLQJLW$GDSWLYHUHXVHFDQEHGHILQHGDV
PRGLI\LQJ D SODFH WR VXLW WKH H[LVWLQJ XVH DQG FRPSDWLEOH LQ XVHV ZKLFK LQYROYHV QR FKDQJH WR WKH FXOWXUDOO\
VLJQLILFDQW IDEULF FKDQJHV ZKLFK DUH VLJQLILFDQWO\ UHYHUVLEOH RU FKDQJHV ZLWK PLQLPDO LPSDFW %XUUD &KDUWHU
$UWLFOH%\DGDSWLQJROGEXLOGLQJLQWRQHZSXUSRVHLWKHOSVWRUHGXFHWKHGHPDQGRIYLUJLQPDWHULDOVDVZHOODV
UHGXFLQJWKHFDUERQIRRWSULQW0RUHRYHUWKHUHDUHVHYHUDOSRVLWLYHLPSDFWVRIDGDSWLYHUHXVHWRWKHLQIOXHQFHGDUHD
+HQHKDQ DQG:RRGVRQ  VWDWHG WKDW DGDSWLYH UHXVH LV VLJQLILFDQWO\ DIIHFWLQJ WKH HFRQRPLF DV ZHOO DV WKH
TXDOLW\RI WKHSHRSOH¶V OLIH ,QRUGHU WRSURORQJ WKH OLIHVSDQRI WKHEXLOGLQJDGDSWLYH UHXVHFDQEH LQ WKH IRUPRI
EXLOGLQJ FRQVHUYDWLRQ DQG LQQRYDWLRQ DQG VKRXOG KDYH PLQLPDO LPSDFWV RQ WKH KHULWDJH VLJQLILFDQFHV RQ WKH
EXLOGLQJDVZHOODVLWVVHWWLQJ
*HRUJH7RZQDVRQHRIWKHKLVWRULFDOSRUWFLWLHVLQ0DODFFDVWUDLWZDVLQVFULEHGE\8QLWHG1DWLRQV(GXFDWLRQDO
6FLHQWLILF DQG &XOWXUDO 2UJDQLVDWLRQV 81(6&2 DV RQH RI WKH:RUOG +HULWDJH 6LWH EHFDXVH RI LWV 2XWVWDQGLQJ
8QLYHUVDO9DOXH289LQFXOWXUDOGLYHUVLW\DQGOLYLQJKHULWDJH
+HULWDJH EXLOGLQJV DUH SURQH WR EXLOGLQJ GHIHFWV DQG GHWHULRUDWLRQ VXFK DV PRLVWXUH SUREOHPV VDOW DWWDFN
XQZDQWHGSODQWJURZWKSHHOLQJSDLQWVSRRULQVWDOODWLRQRIDLUFRQGLWLRQLQJXQLWWHUPLWHDWWDFNDQGPDQ\PRUH$OO
WKHVHGHIHFWVFRXOGGHWHULRUDWHWKHEXLOGLQJVWUXFWXUHDQGIDEULF)XQJDOJURZWKDVDUHVXOWRIKLJKPRLVWXUHFRQWHQW
FDQEHDJUHDWWKUHDWIRUWKHEXLOGLQJDVZHOODVWKHRFFXSDQWVSDUWLFXODUO\LQDKRWDQGKXPLGFOLPDWH)XQJDOVWDLQ
LQGLFDWHV WKH JURZWK DQG SUROLIHUDWLRQ RI GXVW PLWHV PRXOG PLOGHZ DQG EDFWHULD ZKLFK FDQ UHVXOW LQ DOOHUJLF
LQIHFWLRXVKHDOWKRXWFRPHV DQGRWKHU DGYHUVHKHDOWK HIIHFWV 0XGDUUL DQG)LVN0RUHRYHU IXQJL FDQGHFD\
EXLOGLQJIDEULFVGHJUDGHWKHDHVWKHWLFYDOXHDQGFDXVLQJDGYHUVHKHDOWKHIIHFWVOLNH6LFN%XLOGLQJ6\QGURPH6%6
DQG%XLOGLQJ5HODWHG,OOQHVV%5,
2.3. The selection of case study 
7KLVSDSHUIRFXVHVRQO\RQWKHRIILFHVSDFHWKDWZDVORFDWHGLQWKH81(6&2:RUOG+HULWDJH6LWH7KHUHZHUH
PDQ\KHULWDJHRIILFHEXLOGLQJVLQVLGHWKH81(6&2:RUOG+HULWDJH6LWHLQ*HRUJH7RZQRZQHGE\WKHJRYHUQPHQW
DVZHOODVWKHSULYDWHVHFWRU*RYHUQPHQWRIILFHZDVVHOHFWHGDVWKHVWXGLHGEXLOGLQJGXHWRHDVHRIDXWKRUL]DWLRQIRU
LGHQWLILFDWLRQ%HVLGHV JRYHUQPHQW RIILFH LV H[SHFWHG WREH DQ H[DPSOH IRU WKH KHULWDJHEXLOGLQJ FRQVHUYDWLRQ LQ
3HQDQJ7KH3HQDQJ&LW\+DOO'HZDQ%DQGDUD\D*HRUJH7RZQDVLOOXVWUDWHGLQ)LJXUHZDVFKRVHQDVWKHFDVH
VWXG\RIWKLVUHVHDUFK





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)LJ3HQDQJ&LW\+DOO
6RXUFH$XWKRU¶VGRFXPHQWDWLRQ
7KH 3HQDQJ&LW\+DOO LV LQFOXGHG DV WKH&DWHJRU\ , EXLOGLQJZKHUH WKH GHVLJQDWHG EXLOGLQJZDV GHFODUHG DV
DQFLHQW EXLOGLQJ DQG JD]HWWHG IRUPHUO\ XQGHU WKH$QWLTXLWLHV $FW  QRZ1DWLRQDO +HULWDJH $FW  7KLV
3DOODGLDQVW\OHEXLOGLQJZDVFRQVWUXFWHGEHWZHHQDQGORFDWHGDWWKH-DODQ3DGDQJ.RWD/DPDIDFLQJWKH
(VSODQDGHUHIHUWR)LJXUH'XHWRWKHVWUDWHJLFORFDWLRQWKLVKLJKO\RUQDPHQWHGEXLOGLQJRQFHZDVRFFXSLHGE\
WKH%ULWLVKDVWKHLUDGPLQLVWUDWLYHRIILFH7RSUHYHQWEHLQJOHIWDEDQGRQHGFXUUHQWO\WKLVEXLOGLQJLVRFFXSLHGE\WKH
3HQDQJ0XQLFLSDO&RXQFLO0DMOLV3HUEDQGDUDQ3XODX3LQDQJ03337KLVEXLOGLQJZDVVHOHFWHGDVDFDVHVWXG\RI
WKLVVWXG\GXHWRWKHFKDUDFWHULVWLFRIWKHRSHQSODQRIILFHW\SHUHIHUWR)LJXUH2SHQSODQRIILFHZDVGHVLJQHGWR
UHGXFHWKHFRVWRIZRUNHQYLURQPHQWDQGWRSURPRWHLQWHUDFWLRQDPRQJWKHZRUNHUVE\HOLPLQDWLQJSK\VLFDOZDOOV
+RZHYHURSHQSODQRIILFHVZHUHSURQHWRPDMRUSUREOHPVVXFKDVODFNRISULYDF\DQGDFRXVWLFPDWWHUV/HH












)LJ7KH/RFDWLRQRIWKH3HQDQJ&LW\+DOO
6RXUFH*RRJOH(DUWK








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


)LJ7KHVHOHFWHGFDVHVWXG\
6RXUFH$XWKRU¶VGRFXPHQWDWLRQ
302   Prihatmanti Rani /  Procedia - Social and Behavioral Sciences  179 ( 2015 )  297 – 307 
0HWKRGRORJ\
7RGHWHUPLQH WKHTXDOLW\ RI WKH LQGRRU DLU LQ WKH GHVLJQDWHGRIILFH WKLV FURVVVHFWLRQDO UHVHDUFK HPSOR\V ERWK
TXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGV
3.1. The qualitative method 
7KHUH DUH WZR TXDOLWDWLYH PHWKRGV LQFOXGH LQ WKLV UHVHDUFK )LUVWO\ VLWH REVHUYDWLRQ DQG WKH ZDONWKRXJK
LQVSHFWLRQ7KHVHPHWKRGVZHUHSHUIRUPHGDVDSUHOLPLQDU\VXUYH\LQRUGHUWRUHFRUGWKHSK\VLFDOFRQGLWLRQRIWKH
LQWHULRUDQGWKHH[WHULRURIWKHVWXGLHGEXLOGLQJEHIRUHWKH,$4VDPSOLQJ7KHREVHUYDWLRQIRFXVHGRQWKHLQVLGHRI
WKHEXLOGLQJWKDWLVRFFXSLHGZLWKWKHPDLQFRQFHUQRQWKHSRWHQWLDOSROOXWDQWVRXUFHVHPLWWHGLQVLGHWKHEXLOGLQJV
WKHEXLOGLQJOD\RXWDIWHUEHLQJDGDSWLYHO\UHXVHWKHRFFXSDQWV¶GHQVLW\DQGWKHLUDFWLYLWLHVRIILFHHTXLSPHQWXVHG
LQGRRUYHJHWDWLRQZDWHUIHDWXUHVSRVLWLRQRIRSHQLQJVLQWHULRUIXUQLVKLQJVDQGIXUQLWXUHHYLGHQFHRIZDWHUGDPDJH
DQGOHYHORIFXVWRGLDOFDUH7KHFRQGLWLRQRXWVLGHWKHEXLOGLQJQHHGVWREHREVHUYHGVLQFHWKHTXDOLW\RIWKHLQGRRU
DLU GHSHQGV RQ WKH VXUURXQGLQJ RI WKH EXLOGLQJV LQFOXGLQJ WKH EXLOGLQJ ORFDWLRQ RULHQWDWLRQ SRVVLEOH H[WHUQDO
SROOXWDQWVH[WHUQDOZDWHUUHVRXUFHVDQGWKHEXLOGLQJHQYHORSH7KHW\SHSRVLWLRQFOHDQOLQHVVRIWKHJULOOVGLIIXVHUV
WKHUPRVWDWFRQWUROOHUDQGWKHORFDWLRQRIWKHRXWGRRUXQLWRIWKHDSSOLHG0HFKDQLFDO9HQWLODWLRQDQG$LU&RQGLWLRQHU
09$&V\VWHPVZHUHDOVRLQVSHFWHG6HFRQGO\DVHPLVWUXFWXUHGLQWHUYLHZZDVFRQGXFWHGLQRUGHUWRJDLQPRUH
LQIRUPDWLRQUHJDUGLQJWKHRFFXSDQWV¶DFWLYLWLHVDVZHOODVWKHPDLQWHQDQFHLVVXH7KHVHTXDOLWDWLYHGDWDZHUHXVHGWR
VXSSRUWWKHDLUVDPSOLQJUHVXOW
3.2. The quantitative method 
,Q WKLV UHVHDUFK WKHTXDQWLWDWLYHGDWDZDVREWDLQHGIURPWKHDLUTXDOLW\PRQLWRULQJ7KHDLUTXDOLW\PRQLWRULQJ
ZDVFRQGXFWHGLQVLGHDQGRXWVLGHRIWKHEXLOGLQJ,QWKHLQVLGHRIWKHEXLOGLQJWKHPHDVXUHPHQWVZHUHWDNHQLQWZR
VSRWV WKH KLJKO\ GHQVH RFFXSDQWVZKHUH WKHPRVW DFWLYLWLHV RFFXUUHG 7KH SDUDPHWHUV RI WKHPHDVXUHPHQWVZHUH
GHULYHG IURP WKH &RGH RI 3UDFWLFH RQ ,QGRRU $LU 4XDOLW\ 6DPSOLQJ 7KLV JXLGHOLQH ZDV HVWDEOLVKHG E\ WKH
'HSDUWPHQWRI2FFXSDWLRQDO6DIHW\DQG+HDOWK0DOD\VLDLQ
7KHILUVWSDUDPHWHULVSK\VLFDOSDUDPHWHUWKDWFRQVLVWVRIDLUWHPSHUDWXUHUHODWLYHKXPLGLW\DQGWKHDLUYHORFLW\
7KHPHDVXUHPHQWRIWKHSK\VLFDOSDUDPHWHULQWKHVWXGLHGEXLOGLQJLVE\XVLQJDOOLQRQH%$%8&$GDWDORJJHU7KH
VDPSOLQJ SUREH ZDV ORFDWHG LQ WKH PLGGOH RI WKH ZRUNLQJ VSDFHV ZKHUH WKH UHVSRQGHQWV DUH )LJXUH  7KH
PHDVXUHPHQWVUDQFRQWLQXRXVO\ZLWKRQHPLQXWHLQWHUYDOIRUKRXUVDPXQWLOSPLQZHHNGD\PHDVXULQJWKH
URRPWHPSHUDWXUHUHODWLYHKXPLGLW\DQGDLUYHORFLW\DWWKHVDPHWLPH





)LJ$LUVDPSOLQJSRVLWLRQ
6RXUFH$XWKRU¶VDQDO\VLV

7KH VHFRQGSDUDPHWHU LV WKH FKHPLFDO SDUDPHWHU WKDW LV30&2&2 DQG IRUPDOGHK\GH&2 DQG&2ZDV
PHDVXUHGE\XVLQJGLUHFWUHDGLQJLQVWUXPHQWV76,,QGRRU$LU4XDOLW\0HWHU)RUPDOGHK\GHDOVRPHDVXUHGE\
XVLQJGLUHFW UHDGLQJ+$/+);)RUPDOGHK\GHPHWHU7KH30RU GXVWZDVPHDVXUHGE\XVLQJ WKH DHURVRO
PRQLWRU '86775$&.)LJXUHGHVFULEHV WKHSRVLWLRQZKHUH WKH VDPSOLQJ DSSDUDWXVZDV ORFDWHG IRU DLU
TXDOLW\PRQLWRULQJ
;
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7KH ODVW SDUDPHWHU LV WKH ELRORJLFDO SDUDPHWHU WKH 7RWDO )XQJDO &RXQW 7)& DQG WKH 7RWDO %DFWHULDO &RXQW
7%&7KHTXDQWLW\RIDLUERUQHPRXOGVSRUHZDVPHDVXUHGE\XVLQJVLQJOHVWDJHDLULPSDFWRUDQGFXOWXUHSODWHDV
WKHJURZWKPHGLXP$QGHUVHQ1ZDVXVHGDVWKHDLULPSDFWRULQWKLVVWXG\,WLVZLGHO\XVHGIRUVDPSOLQJYLDEOH
DQGFXOWXUDEOHPRXOGVSRUHV0DOW([WUDFW$JDU0($DQG3RWDWR'H[WURVH$JDU3'$ZHUHFKRVHQDVWKHJURZWK
PHGLXPGXHWRLWVDELOLW\WRLVRODWHFXOWLYDWHDQGHQXPHUDWLQJPRXOGVHVSHFLDOO\AspergillusspDQGEDFWHULD
$FFRUGLQJ WR+HVV.RVD  FRQWURO YDULDEOH LV UHTXLUHG LQ HDFK VDPSOLQJPHWKRG DV D FRPSDULVRQRI WKH
UHVXOWDW WKHPDLQVDPSOLQJDUHD,WKDV WREHLQ WKHVDPHEXLOGLQJDQGRXWVLGHWKHEXLOGLQJ7KHDLU LPSDFWRUZDV
ORFDWHGDW WKHVDPHSRLQWDV WKHRWKHUVDPSOLQJGHYLFHV )LJXUH;,Q WKLV UHVHDUFK WKHFRQWUROYDULDEOHV LQ WKH
VWXGLHGEXLOGLQJ DUH WKHXQRFFXSLHG URRP )LJXUH; DQG WKHRXWVLGH WKH EXLOGLQJ )LJXUH ;7KH FKRVHQ
FRQWUROURRPLVGHWHUPLQHGE\WKHVLPLODUVL]HRIWKHPDLQYDULDEOHPDLQVDPSOLQJDUHDDQGWKHORFDWLRQZKLFKLV
VWLOO LQ WKH YLFLQLW\ RI WKH PDLQ VDPSOLQJ DUHD 7KH PLFURELDO DJHQWV IURP RXWGRRU DLU KDV WKH SRVVLELOLW\ WR
FRQWDPLQDWHWKHLQGRRUDLUDQGJHQHUDOO\WKHRXWGRRUDLUKDVJUHDWHUQXPEHUWKDQLQWKHLQGRRUVSDFH

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

)LJ%LRORJLFDODLUVDPSOLQJSRVLWLRQ
6RXUFH$XWKRU¶VDQDO\VLV

,QRUGHUWRFROOHFWPRUHGDWDRQWKHSUHVHQFHRIIXQJDOVSRUHVVZDEVDPSOLQJZDVXVHG6ZDERUVXUIDFHZDVK
VDPSOLQJLVDQRQGHVWUXFWLYHWHFKQLTXHDQGWKHPRVWFRQYHQLHQWPHWKRGVRIVXUIDFHVDPSOLQJIRUWKHGHWHUPLQDWLRQ
RISRVVLEOHPLFURELDOFRQWDPLQDWLRQ,QWKLVUHVHDUFKVZDEVDPSOLQJLVSHUIRUPHGXVLQJDVWHULOL]HGFRWWRQVZDEWKDW
FDQ EH VWULNH WR DJDU SODWHV IRU GLUHFW H[DPLQDWLRQ WKH SUHVHQFH RI VSRUHV $IWHU SHUIRUPLQJ DOO WKH PLFURELDO
VDPSOLQJV WKHDJDUSODWHVZHUHFXOWXUHGIRU WRGD\VXQGHUDQDUWLILFLDO OLJKWLQJ LQD URRPWHPSHUDWXUHZKLFK
UHVHPEOHVWRWKHKXPDQERG\QRUPDOWHPSHUDWXUH,QWKLVVWXG\WKHFRORQLHVZHUHTXDQWLILHGVWDUWLQJRQWKHILUVW
KRXUVSRVWVDPSOLQJSHULRGXQWLOWKHWKLUGIRXUWKGD\/DWHUWKHFRORQLHVRIWKHEDFWHULDDVZHOODVWKHPRXOGZHUH
TXDQWLILHGE\XVLQJWKHFRORQ\IRUPLQJXQLWSHUFXELFPHWHUFIXPDLUIRUPXOD

)LQGLQJVDQGGLVFXVVLRQ
4.1. Observation 
%DVHG RQ WKH REVHUYDWLRQV WKDW KDG EHHQ GRQH LW FRXOG EH FRQFOXGHG WKDW WKHUHZHUH GDPSQHVV IRXQG RQ WKH
EXLOGLQJIDEULFDQGWKHUHZHUHYLVLEOHIXQJDOVWDLQVRQVRPHDUHDUHIHUWR)LJXUH'XVWVZHUHKHDYLO\DFFXPXODWHG
HVSHFLDOO\RQWKHFODVVLFDOEXLOGLQJRUQDPHQWVDQGRQWKHFHLOLQJIDQUHIHUWR)LJXUH6RPHH[LVWLQJGRRUVZHUH
REVWUXFWHGGXHWRWKHVSDFHOLPLWDWLRQIRUDFFRPPRGDWLQJWKHXVHUV¶GDLO\DFWLYLWLHVUHIHUWR)LJXUH,QWKLVFDVH
LQDSSURSULDWHVSDFHSODQQLQJDOVRFRXOGGHJUDGHWKHTXDOLW\RIWKHLQGRRUDLUHVSHFLDOO\ZKHQDLUYHQWLODWLRQQHHGV
WREHEORFNHG'XHWRFRPSO\LQJWKH6WDWH¶VKHULWDJHEXLOGLQJFRQVHUYDWLRQUXOHVLWLVVWULFWO\SURKLELWHGWRDOWHUWKH
GHVLJQDWHGEXLOGLQJ$VDUHVXOWVSDFHSODQQLQJIRUWKHRIILFHZRUNHUVZDVWDNHQIRUJUDQWHG

;
;
;
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


)LJ'DPSQHVVDQGIXQJDOVWDLQ
6RXUFH$XWKRU¶VGRFXPHQWDWLRQ














)LJ$FFXPXODWHGGXVWV
6RXUFH$XWKRU¶VGRFXPHQWDWLRQ











)LJ2EVWUXFWHGGRRU
6RXUFH$XWKRU¶VGRFXPHQWDWLRQ
4.2. Indoor air quality measurement
 3K\VLFDOSDUDPHWHU
%DVHGRQWKHUHVXOWVREWDLQHGIURPWKHWKHUPDOPRQLWRULQJ7DEOHLWVKRZVWKDWWKHLQGRRUWHPSHUDWXUHRIWKH
VWXGLHGEXLOGLQJ LV DERYH WKH VWDQGDUG VWLSXODWHG R&7KHPHDVXUHPHQW VKRZV WKH KXPLGLW\ UDQJH IURP
ZKLFKLVDOVRDERYHWKHVWDQGDUG$FFRUGLQJWR0DOD\VLD*UHHQ%XLOGLQJ,QGH[WKHPD[LPXPOLPLWIRU
LQGRRUKXPLGLW\ LV,I WKHKXPLGLW\IDOOVDERYHLW LVFRQVLGHUHG WKH LGHDOFRQGLWLRQIRUPRXOGVSRUHV WR
JURZ*RGLVK


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  7DEOH,QGRRUDLUTXDOLW\PHDVXUHPHQWUHVXOW

9DULDEOHV 8QLWV 5HVXOW Benchmarks*
Physical 
7HPSHUDWXUH
5HODWLYH+XPLGLW\
$LU9HORFLW\

Chemical 
30
&2
&2
+&+2

Microbial 
7RWDO)XQJDO&RXQW
7RWDO%DFWHULD&RXQW
R&

PV


PJP
SSP
SSP
SSP


FIXP
FIXP














23 - 26 
40 - 70 
0.1 - 0.5 
0.15 
10 
1000 
0.1 
500 
1000C 



7KHDLUYHORFLW\VSHHGLQWKLVEXLOGLQJLVIDUEHORZWKHVWDQGDUGPV/RZDLUYHORFLW\EHORZPV
WKHRFFXSDQWVZLOOIHHOVWDJQDQWDLU%UDGVKDZ+RZHYHUDLUYHORFLW\VSHHGDOVRGHSHQGVZLWKWKHVSHHGRI
WKH YHQWLODWLRQ PHFKDQLFDOO\ DQGRU QDWXUDOO\ WKH EXLOGLQJ RFFXSDQWV¶ PRYHPHQW DQG WKH ORFDWLRQ RI WKH GDWD
ORJJHU$VWKHDPELHQWWHPSHUDWXUHULVHDQGQDWXUDODLUYHORFLW\IORZLVLQVXIILFLHQWPHFKDQLFDOYHQWLODWLRQPXVWEH
LQFUHDVHG1HYHUWKHOHVVUDSLGDLUYHORFLW\ZLOOFDXVHXQSOHDVDQWGUDIW$LUYHORFLW\QRWRQO\DIIHFWVDLUWHPSHUDWXUH
DQGKXPLGLW\EXWDOVRUHPRYHVRGRXUVDQGRWKHUDLUFRQWDPLQDQWV7KLVEXLOGLQJLVXWLOL]HGE\FHLOLQJIDQVZDOO
PRXQWHGIDQVDQGFHQWUDOL]HGDLUFRQGLWLRQHUV\VWHP6LQFHWKHDLUFRQGLWLRQHUXQLW LVLPSURSHUO\IXQFWLRQLQJORZ
DLUIORZWKHEXLOGLQJRFFXSDQWVLQWKLVFDVHLVWKHHPSOR\HHVDQGWKHFOLHQWVYLVLWRUVUHO\RQWKHFHLOLQJDQGZDOO
IDQV8QIRUWXQDWHO\WKHUHZHUHQRRSHUDEOHZLQGRZVLQWKLVEXLOGLQJWKHUHIRUHWKHIORZRIWKHRXWGRRUDLULVYHU\
OLPLWHG7KHRQO\VRXUFHRIRXWGRRUDLULVRQO\IURPWKHPDLQHQWUDQFHRIWKLVRIILFHDQGDLUYHQWRQWKHXSSHUZDOO
 &KHPLFDOSDUDPHWHU
7KHILUVWSDUDPHWHULV3DUWLFXODWH0DWWHU30RUGXVW,WPHDVXUHVWKHLQKDODEOHGXVWFRQFHQWUDWLRQLQVLGHDOOILYH
EXLOGLQJV 7KH DFFHSWDEOH OLPLW IRU 30 LV  PJP &23,$4  $OWKRXJK WKLV EXLOGLQJ LV KHDYLO\
DFFXPXODWHGZLWKGXVWWKHPHDVXUHPHQWVKRZVWKDWWKH30OHYHOLVEHORZWKHVWDQGDUG+RZHYHUWKHWKLFNQHVV
RI WKHGXVW GHSRVLWHGRQ D VXUIDFH LQGLFDWHV WKH UHJXODULW\RI WKH FOHDQLQJ VHUYLFH ,QKDODWLRQ WRGXVW FDQ OHDG WR
IXUWKHUKHDOWKGLVWXUEDQFHVVXFKDVDOOHUJLHVDVWKPDDQGRWKHUEXLOGLQJUHODWHGLOOQHVVHVSHFLDOO\GXVWFRQWDLQLQJ
RUJDQLFPDWHULDOLHIXQJL6WRUH\HWDO
7KHVHFRQGSDUDPHWHULQ,$4WHVWLVWKHFKHPLFDOSDUDPHWHU,WFRQVLVWVRI&2&2DQG+&+27KHDFFHSWDEOH
OHYHOIRULQGRRU&2OHYHOLVSSP&23,$47KLVFRORXUOHVVDQGRGRXUOHVVJDVLVNQRZQDVDQHPLVVLRQ
IURPDOOFRPEXVWLRQE\SURGXFWV,WRFFXUUHGZKHQWKHUHLVDQLQFRPSOHWHFRPEXVWLRQRINHURVHQHJDVROLQHIXHO
ZRRG SODVWLF DQG RWKHUV 8QIRUWXQDWHO\ &2 ZDV XQGHWHFWHG LQ WKLV EXLOGLQJ 7KLV PD\ FDXVHG E\ YHU\ ORZ
FRQFHQWUDWLRQLQ WKHDLUVRWKHSUHVHQFHFRXOGQRWGHWHFWHGE\GLUHFWUHDGLQJLQVWUXPHQWVGXULQJWKHDLUVDPSOLQJ
SHULRG%HVLGHVWKLVJDVLVOLJKWHUWKDQWKHDLU.XEED
,QWKLVUHVHDUFK&2LVGHWHFWHGLQWKLVEXLOGLQJZLWKWKHFRQFHQWUDWLRQPRUHWKDQSSP7KHVHQXPEHUVLVDQ
LQGLFDWRU RI DQ LQDGHTXDWH YHQWLODWLRQ UDWH LQ WKH UHVSHFWLYH EXLOGLQJV 7KLV QXPEHU LV DOVR DVVRFLDWHG ZLWK WKH
SUHVHQFHRIRFFXSDQWVVLQFH&2LVDQHQGSURGXFWRIUHVSLUDWRU\LQKXPDQEHLQJV%DVHGRQWKHVLWHREVHUYDWLRQ
WKH VWXGLHG EXLOGLQJ ZDV ODFN RI RSHUDEOH ZLQGRZV DQG GHSHQGV RQ 09$& 7KH ODVW FKHPLFDO SDUDPHWHU LV
IRUPDOGHK\GH+&+2)RUPDOGHK\GH LVDFRPPRQLUULWDQW WR WKHH\HVQRVH WKURDWDQGVLQXVHV*RGLVK
)RUWXQDWHO\IRUPDOGHK\GHZDVXQGHWHFWHGLQWKLVEXLOGLQJ$FFRUGLQJWR3LODWRZLF]DQG%LQJHOOLWKH
FRQFHQWUDWLRQRIDQ\DLUERUQHFKHPLFDOSROOXWDQWVGHSHQGVRQPXOWLSOHIDFWRUV LHYHQWLODWLRQV\VWHPVL]HRI WKH
1RWH%HQFKPDUNVDUHUHIHUULQJWR&23,$4&LVWKHFHLOLQJOLPLWDQGVKDOOQRWEH
H[FHHGHGDWDQ\WLPH
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EXLOGLQJSROOXWDQW VRXUFHV IURP WKHEXLOGLQJVDQGRU IURP WKHRFFXSDQWV LWVHOIPDLQWHQDQFHV\VWHPDQGPDQ\
RWKHUFRQWULEXWLQJIDFWRUV
 %LRORJLFDOSDUDPHWHU
:KLFK TXDQWLILHV WKH QXPEHU RI DLUERUQHPRXOG VSRUH DQG EDFWHULD$V VWLSXODWHG E\ WKH VWDQGDUG&23,$4
 WKH OLPLW IRU DLUERUQH IXQJDO FRXQW LV  FIXP DQG  FIXP IRU DLUERUQH EDFWHULD FRXQW 7DEOH 
GHVFULEHVWKHFRPSDULVRQEHWZHHQWKHFRQWUROYDULDEOHDQGWKHPDLQYDULDEOH
 7DEOH&RPSDULVRQEHWZHHQPDLQYDULDEOHDQGFRQWUROYDULDEOH

 0DLQ9DULDEOH &RQWURO9DULDEOH8QRFFXSLHG5RRP 2XWVLGHWKH%XLOGLQJ
&RORQLHVRI)XQJL
FIXP   
&RORQLHVRI%DFWHULD
FIXP   

$OWKRXJKWKHUHDUHQXPEHUVRIYLVLEOHGDPSQHVVRQWKHEXLOGLQJIDEULFDQGDFFXPXODWHGGXVWVWKHQXPEHURIWKH
DLUERUQHIXQJDOVSRUHLQWKLVZRUNVSDFHLVVWLOOEHORZWKHDFFHSWDEOHOLPLW%DVHGRQWKHPHDVXUHPHQWWKHQXPEHU
RI DLUERUQH IXQJDO VSRUH LV  FIXPZKHUH WKH DFFHSWDEOH OLPLW LV  FIXP 7KH WRWDO DLUERUQH EDFWHULD
FRXQWLVDOVREHORZWKHEHQFKPDUNFIXP
7RFRQILUPDQ\IXQJDOJURZWKRQDEXLOGLQJIDEULFVZDEVDPSOLQJLVXVHG7KHVSHFLPHQVZHUHWDNHQIURPWKH
GDPSQHVVRQWKHFROXPQVZDEEHGLQWRWKHDJDUSODWHDQGWKHQLQFXEDWHGIRUWRGD\VLQURRPWHPSHUDWXUH7KH
LQFXEDWHG SODWH DV LQ )LJXUH  VKRZV WKH FRORQLHV RI IXQJL DQG RWKHU PLFURRUJDQLVPV EDFWHULD \HDVW ZHUH
DSSHDUHG%DVHGRQWKHDSSHDUDQFHRIWKHELRORJLFDODJHQWVRQWKHLQFXEDWHGDJDUSODWHLWFRXOGEHFRQFOXGHGWKDW
WKHUHZHUHFRORQLHVRIPRXOGDQGRWKHUPLFURRUJDQLVPVJURZLQJRQWKHGDPSZDOO





)LJXUH,QFXEDWHGDJDUSODWH
6RXUFH$XWKRU¶VGRFXPHQWDWLRQ
4.3. Interview
)URP WKH VHPLVWUXFWXUHG LQWHUYLHZ ZLWK WKH EXLOGLQJ RFFXSDQWV WKHUH ZHUH QR FOHDQLQJ VHUYLFHV SURYLGHG
7KHUHIRUHWKH\KDYHWRFOHDQWKHLURZQZRUNVWDWLRQEDVHGRQWKHLUSHUVRQDOLQLWLDWLYHV7KLVVWDWHPHQWDOVRDJUHHG
E\WKHKHDGRIWKHGHSDUWPHQW
&RQFOXVLRQ
7KLVUHVHDUFKLVLQWHQGHGWRPHDVXUHWKH,$4OHYHOLQDQRIILFHHQYLURQPHQWSDUWLFXODUO\KHULWDJHEXLOGLQJWKDW
KDVEHHQDGDSWLYHO\UHXVHG,QRUGHUWRDVVHVVWKH,$4FRQGLWLRQVWKLVVWXG\HPSOR\HGWKH,$4DVVHVVPHQWEDVHGRQ
WKHJUHHQEXLOGLQJUDWLQJV\VWHPLQWKLVFDVHUHIHUULQJWRWKH0DOD\VLD*UHHQ%XLOGLQJ,QGH[0*%,SDUWLFXODUO\
WKH1RQ5HVLGHQWLDO([LVWLQJ%XLOGLQJ15(%
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%DVHG RQ WKH VDPSOLQJ DQG REVHUYDWLRQ UHVXOW LW FRXOG EH FRQFOXGHG WKDW WKLV EXLOGLQJ LV DEVROXWHO\ ODFN RI
PDLQWHQDQFHLQWHUPVRIWKHFXVWRGLDOPDWWHUV7KLVKHULWDJHEXLOGLQJVKRXOGEHPDLQWDLQHGUHJXODUO\DQGFRQVHUYHLW
DFFRUGLQJ WR WKH JXLGHOLQH IRU KHULWDJH EXLOGLQJ FRQVHUYDWLRQ ERWK LQWHULRU DQG WKH H[WHULRU 7KH ORFDO DXWKRULW\
EXLOGLQJPDQDJHUDVZHOODV WKHRFFXSDQWVVKRXOGEHPRUHDZDUH LQPDLQWDLQLQJ WKHKHULWDJHVLJQLILFDQFHRI WKLV
EXLOGLQJ$ UHJXODUPDLQWHQDQFH LV UHTXLUHG WR SURORQJ WKH DHVWKHWLF DVZHOO DV WKH OLIHVSDQRI WKLV EXLOGLQJ DQG
FRQFHUQLQWHUPVRIWKHRFFXSDQWV¶VDWLVIDFWLRQ7KHVLJQLILFDQWILQGLQJVRIWKLVUHVHDUFKWKDWLPSURSHUDGDSWLYHUHXVH
FRXOGEHYHU\SUREOHPDWLF LQ WHUPVRI WKHRFFXSDQWV¶FRPIRUW%DVHGRQ WKHDLUVDPSOLQJPHDVXUHPHQWV LWVKRZV
WKDWVRPHRI WKHSDUDPHWHUVPHDVXUHGZHUH LQDQDODUPLQJFRQGLWLRQ$OWKRXJKEHLQJDGDSWLYHO\UHXVHG WRDQHZ
SXUSRVHWKHLQWHULRURIWKHGHVLJQDWHGEXLOGLQJPXVWEHZHOOGHVLJQHGWRPHHWWKHRFFXSDQWV¶GDLO\DFWLYLWLHVZLWKRXW
MHRSDUGL]LQJWKHLUFRPIRUW%HVLGHVLWVKRXOGFRPSO\WKHFRQVHUYDWLRQJXLGHOLQHVDVZHOO
7KHUHZHUH QXPEHUV RI KHULWDJH EXLOGLQJV WKDW QHHGV WR EH FRQVHUYHG LQ*HRUJH7RZQ 3HQDQJ7KHUHIRUH LW
QHHGVDJRRGFROODERUDWLRQIURPDOODVSHFWVIRUPDLQWDLQLQJDQGFRQVHUYLQJWKHKHULWDJHEXLOGLQJV)XUWKHUUHVHDUFK
LVQHHGHGWRDVVHVVWKH,$4RIDGDSWLYHO\UHXVHGEXLOGLQJVZLWKLQWKHYLFLQLW\RI81(6&2:RUOG+HULWDJH6LWHDV
ZHOODV3RVW2FFXSDQF\(YDOXDWLRQ
$FNQRZOHGJHPHQW
7KHDXWKRUZRXOGOLNHWRWKDQNWR8QLYHUVLWL6DLQV0DOD\VLD3HQDQJIRUIXQGLQJWKLVUHVHDUFK
5HIHUHQFHV
$PHULFDQ6RFLHW\RI+HDWLQJ5HIULJHUDWLQJDQG$LU&RQGLWLRQLQJ(QJLQHHUV,QF$6+5$(Standard 62 - Ventilation for Acceptable 
Indoor Air Quality.
$XVWUDOLD,&2026,QWHUQDWLRQDO&RXQFLORQ0RQXPHQWVDQG6LWHV7KHBurra Charter:  The Australia ICOMOS charter for places of 
cultural significance9LFWRULD$XVWUDOLD,&2026,QF
%LQJJHOL&Building systems for interior designers1HZ-HUVH\-RKQ:LOH\	6RQV,QF
%OX\VVHQHWDO$VVHVVPHQWRIZHOOEHLQJLQDQLQGRRURIILFHHQYLURQPHQW Building and Environment9ROSS
%UDGVKDZ9The building environment. Active and passive control systems.7KLUGHG1HZ-HUVH\-RKQ:LOH\	6RQV,QF
&URRN%	%XUWRQ1,QGRRUPRXOGV6LFN%XLOGLQJ6\QGURPHDQGEXLOGLQJUHODWHGLOOQHVVFungal Biology Reviews.
*RGLVK7Indoor Environmental Quality.)ORULGD&5&3UHVV
+HQHKDQ ' 	:RRGVRQ 5 ' Building change-of-use: Renovating, adapting and altering commercial, institutional and industrial 
properties.1HZ<RUN0F*UDZ+LOO
+HVV.RVD.Indoor Air Quality: Sampling methodologies)ORULGD/HZLV3XEOLVKHUV
.XEED6LEED practices, certification, and accreditation handbook.%XUOLQJWRQ0$(OVHYLHU,QF
/HH<62IILFHOD\RXWDIIHFWLQJSULYDF\LQWHUDFWLRQDQGDFRXVWLFTXDOLW\LQ/(('FHUWLILHGEXLOGLQJVBuilding and Environment
SS
0DOD\VLD*UHHQ%XLOGLQJ&RQIHGHUDWLRQMalaysia Green Building Index
0LQLVWU\RI+XPDQ5HVRXUFHV'HSDUWPHQWRI2FFXSDWLRQDO6DIHW\DQG+HDOWKCode of practice on Indoor Air Quality 2010.
0XGDUUL'	)LVN:-3XEOLFKHDOWKDQGHFRQRPLFLPSDFWRIGDPSQHVVDQGPRXOGIndoor Air Journal
0XKLþ6	%XWDOD97KHLQIOXHQFHRILQGRRUHQYLURQPHQWLQRIILFHEXLOGLQJVRQWKHLURFFXSDQWVH[SHFWHGXQH[SHFWHGBuilding and 
Environment, 9ROSS
National Heritage Act 2005 (Act 645)6HODQJRU'(,QWHUQDWLRQDO/DZ%RRN6HUYLFHV
3LODWRZLF]*Eco-interior: A guide to environmentally conscious interior design.1HZ<RUN-RKQ:LOH\	6RQV,QF
5RXOHW&$Architectural education for sustainable design. A proposal for improving indoor environment quality,Q7KHUG&RQIHUHQFHRQ
3DVVLYHDQG/RZ(QHUJ\$UFKLWHFWXUH*HQHYD6ZLW]HUODQG6HSWHPEHU
6WRUH\ ( 'DQJPDQ .+ 6FKHQFN 3 'H%HUQDUGR 5/ <DQJ &6 %UDFNHU $ +RGJVRQ 0- Guidance for clinicians on the 
recognition and management of health effects related to mold exposure and moisture indoors )DUPLQJWRQ &7 8QLYHUVLW\ RI
&RQQHFWLFXW+HDOWK&HQWHU
81(6&2 8QLWHG 1DWLRQV (GXFDWLRQDO 6FLHQWLILF DQG &XOWXUDO 2UJDQLVDWLRQV  3UHVHQWHG LQ WKH WK 6HVVLRQ DW *HQHUDO
&RQIHUHQFH&RQYHQWLRQ &RQFHUQLQJ WKH 3URWHFWLRQ RI WKH:RUOG &XOWXUDO DQG 1DWXUDO +HULWDJH 3DULV )UDQFH  1RYHPEHU 
8QLWHG1DWLRQV1HZ<RUN
86(QYLURQPHQWDO3URWHFWLRQ$JHQF\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